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A B S T R A C T   

Post-acute sequelae of COVID-19 (PASC) are conditions that occur or remain at least 28 days after SARS-CoV-2 
infection. While some risk factors for PASC have been identified, little is known about pre-existing conditions 
that render one susceptible to developing PASC. Data from participants (n = 1224) in a longitudinal COVID-19 
cohort study in Arizona were used to investigate comorbid conditions associated with PASC. After adjustment of 
the models for age, BMI, gender, race, and smoking, the following pre-existing conditions were statistically 
significantly associated with the development of PASC: asthma (OR = 1.54; 95% CI = 1.10–2.15); chronic 
constipation (OR = 4.29; 95% CI = 1.15–16.00); reflux (OR = 1.54; 95% CI = 1.01–2.34); rheumatoid arthritis 
(OR = 3.69; 95%CI = 1.15–11.82); seasonal allergies (OR = 1.56; 95% CI = 1.22–1.98); and depression/anxiety 
(OR = 1.72; 95% CI = 1.17–2.52). When grouping conditions together, statistically significant associations with 
PASC were observed for respiratory (OR = 1.47; 95% CI = 1.06–2.14); gastrointestinal (OR = 1.62; 95% CI =
1.16–2.26), and autoimmune conditions (OR = 4.38; 95% CI = 1.59–12.06). After adjustment for severity of 
acute SARS-CoV-2 infection and depression/anxiety, seasonal allergies (OR = 1.48; 95% CI 1.15–1.91) and 
autoimmune disease (OR = 3.78; 95% CI - 1.31-10.91) remained significantly associated with risk for PASC. 
These findings indicate that numerous pre-existing conditions may be associated with an increased risk for the 
development of PASC. Patients with these conditions should consider taking extra steps to avoid infection.   

1. Introduction 

SARS-CoV-2 infection and its associated disease state, COVID-19, 
have caused unprecedented societal and healthcare challenges world
wide since the first reports were published in early 2020 [1]. Initially, 
attention on the pandemic focused largely on the acute stage of infec
tion, as it was associated with substantial morbidity and mortality. As 
vaccines have reduced the severity of acute outcomes [2], research ef
forts have grown to encompass the associated long-term symptoms and 
conditions reported following acute infection. These outcomes have 
been referred to by numerous labels, including post-acute sequelae of 
COVID-19 (PASC), long-haul COVID, post-COVID conditions, or Long 
COVID. Currently, the case definition for PASC from the Centers for 
Disease Control and Prevention includes any new or ongoing symptoms 
4 weeks or more after the acute infection [3]. Some conditions 
commonly reported as PASC include “brain fog” or difficulty with 
cognition, fatigue, shortness of breath, and gastrointestinal disorders [1, 
4–16]. 

In addition to these, there is an increasingly wide range of signs and 
symptoms that occur after acute infection [17] yet little is known about 
the characteristics that place individuals at greatest risk for development 
of PASC. Some risk factors that have been identified include: the pres
ence of severe acute symptoms [4,6,8–11,15,18]; increasing age [8,9,15, 
18,19], female sex [6,10–12,15,20], and pre-existing comorbidities 
[7–11,18]. To date, few studies have described associations between 
specific pre-existing conditions prior to infection with SARS-CoV-2 and 
post-acute symptoms. Those that have identified diabetes [8], lung 
disease [8], frailty [21], chronic obstructive pulmonary disease [21], 
use of medications for autoimmune disorders [22], asthma [23], mul
tiple sclerosis [24], and depression/anxiety [25] as possible risk factors. 

There is growing scientific awareness and acceptance that SARS- 
CoV-2 infection can cause long-term symptoms. The scale of past and 
ongoing transmission means PASC will have striking impacts on 
healthcare delivery as well as the individual lives of those affected [26]. 
It is critically important to seek scientific consensus on the risk factors 
for PASC. In the present study, we utilized data from the Arizona 
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CoVHORT, a prospective cohort study of COVID-19 launched in May 
2020, to ascertain which pre-existing conditions engendered a greater 
risk for the development of PASC after SARS-CoV-2 infection. The Ari
zona CoVHORT collected detailed, well-characterized data regarding 
pre-existing conditions, symptoms, and severity of COVID-19 disease 
course, basic demographic information, and health behavior variables 
allowing prospective identification of pre-existing comorbidities that 
confer the greatest risk for development of PASC. 

2. Methods 

All participants in the present work were from the Arizona CoV
HORT, a prospective cohort study designed to investigate the acute and 
long-term effects of SARS-CoV-2 infection among Arizona residents and 
launched in May 2020, as described in detail previously [27]. To date, 
more than 8500 participants have enrolled in the study. Briefly, several 
approaches were employed to recruit participants for the study, 
including collaborations through health department case investigations 
of COVID-19 [28], early COVID-19 testing efforts, distribution of 
informational materials at vaccination sites, and postcard mailings 
throughout the state. All residents of the state were eligible to join the 
study, irrespective of whether they had been infected with SARS-CoV-2 
or not. All participants provided written informed consent, and ethical 
approval was obtained from the University of Arizona Institutional Re
view Board (Protocol #2003521636). 

Electronic surveys were distributed to collect self-reported infor
mation on participant demographics and pre-existing conditions, as well 
as additional questions on acute symptoms and severity for those who 
reported an infection. Further data included items regarding health 
behaviors and COVID-19 test results. Electronic surveys designed using 
REDCap were administered upon enrollment as well as every 3 months 
following enrollment and continuing to the present. After a participant 
reported a SARS-CoV-2 infection either at their baseline enrollment 
survey or in any subsequent quarterly survey, the individual was 
emailed links to follow-up symptom surveys every 6 weeks after the 
reported infection date. These surveys included specific items inquiring 
about 25 new or recurrent symptoms that they observed in the previous 
6 weeks, and included an open text field for collection of information 
regarding any condition they experienced. For the present work, data 
were included that were collected between May 28, 2020 and May 27, 
2022. 

A total of 1224 participants from CoVHORT were included in the 
present analysis. To be eligible for this analytic sample, participants 
must have reported 1) a positive SARS-COV-2 test; 2) the date of their 
positive test; and 3) competed at least one survey regarding symptoms at 
least 6 months after infection. The primary outcome variable of the 
study was the presence of PASC, which was defined as self-reported 
continuing or new symptoms 28 days or more following the test date 
for the acute infection. Those without PASC reported no symptoms on 
their follow-up symptom surveys at 6 weeks or more after their acute 
infection. The primary exposure variables were health conditions that 
were reported by the participant as having been present prior to infec
tion with SARS-CoV-2. 

3. Statistical analyses 

Descriptive data for baseline characteristics of CoVHORT partici
pants with and without PASC were calculated using frequencies and 
percentages for categorical variables, and with means and standard 
deviations for continuous variables. Frequencies and proportions of pre- 
existing comorbidities among participants with and without PASC were 
compared using Pearson’s chi-squared test. In order to assess whether 
severity of acute disease might have driven any associations with the 
development of PASC; means, standard deviations, and the Student’s t- 
test were used to compare severity of acute infection between those with 
pre-existing conditions and those without. Severity was assessed using 

two methods: a self-reported scale developed for CoVHORT, which 
ranged from 1 to 10, with 1 being lowest and 10 being highest severity, 
in response to the question, “On a scale from 1-10, how would you char
acterize the severity of your illness?”; and the and the NIH’s COVID-19 
Treatment Guidelines which defines SARS-CoV-2 infections as asymp
tomatic if no symptoms are experienced, mild if patients experience 
symptoms but do not experience dyspnea/shortness of breath or present 
with abnormal chest imaging, moderate if patients exhibit symptoms of 
lower respiratory disease (dyspnea/shortness of breath), severe if pa
tients exhibit signs of lower respiratory disease and require oxygen 
therapy, and critical if patients exhibit signs of acute respiratory distress 
syndrome and require admission to the intensive care unit [29]. Mod
erate, severe, and critical infection severities were combined into one 
group for our analysis because most CoVHORT participants reported 
mild illnesses. Odds ratios and 95% confidence intervals were generated 
to examine the association between each pre-existing comorbidity and 
the development of PASC using unconditional logistic regression 
modeling, with an α of 0.05 for statistical significance. In addition to 
presenting individual pre-existing conditions, these were also grouped 
into categories of diseases for ascertainment of whether specific organ 
systems or types of illness carried risk in general. Potentially con
founding variables were assessed and those that changed the point es
timate by 10% or greater were included in the final multivariate logistic 
regression analyses [30]. Three models were generated to assess the 
relationship between comorbid conditions and PASC. Model 1 was 
adjusted for age, BMI, gender, race, and smoking; Model 2 was addi
tionally adjusted for severity of acute infection, defined by NIH criteria 
[29]. Model 3 was additionally adjusted for depression/anxiety because 
there are some data indicating that depression/anxiety is both prevalent 
in those with other comorbid conditions and may be related to the 
development of PASC [31]. Finally, to clarify whether usual symptoms 
of pre-existing conditions were driving the reporting of symptoms 
post-acute infection, we removed common symptoms of these condi
tions and conducted sensitivity analyses to assess whether the associa
tions were attenuated. We confined these analyses to conditions that 
were found to be statistically significant in primary analyses, as follows. 
For asthma, the following symptoms were removed: shortness of breath, 
chest pain, and cough; for constipation, all GI symptoms such as diar
rhea, nausea, vomiting, and constipation; for rheumatoid arthritis, joint 
pain, fever, and fatigue; for depression/anxiety, insomnia, fatigue, loss 
of appetite, brain fog, GI symptoms and stress; for allergies, congestion, 
sore throat, cough, fatigue, conjunctivitis; and for lupus, fatigue, fever, 
joint pain, shortness of breath, chest pain. All analyses were conducted 
using STATA statistical software package [version 17.0], Stata Corpo
ration, College Station, TX]. 

4. Results 

Table 1 presents the characteristics of CoVHORT participants who 
reported a positive test for SARS-CoV-2, by PASC status. A total of 518 
(42.3%) reported they had continuing symptoms after acute infection 
qualifying as PASC. The age median and range were similar between the 
two groups, but there was a statistically significantly greater proportion 
of female participants who experienced PASC (45.6% female vs. 34.0% 
male,; p = 0.001). Sparse data were available for non-binary partici
pants (n = 4); however, 75% of those reporting non-binary gender also 
reported having PASC. The highest proportion of PASC was observed 
among those reporting Asian race (56.0%), followed by White (42.4%), 
Black or African-American (40.0%), Mixed race (34.0%), and American 
Indian or Alaska Native (33.3%). Those who preferred not to answer this 
question on race were three times more likely to report PASC than not. 
The proportion of those reporting PASC increased with increasing BMI 
category, with 32.2%, 40.2%, 44.1%, and 49.6% of participants in each 
of the following BMI categories, respectively, reporting PASC: 
18.5–24.9, 25.0–29.9, 30.0–34.9, and ≥35.0. No significant difference 
in PASC development was observed for smoking history. Among the 
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69% of participants who reported at least one pre-existing condition, the 
majority (73.7%) reported PASC, with the median number of pre- 
existing conditions in the PASC group being 2, as compared to only 1 
in the group without PASC.. 

Table 3 shows three models for the adjusted odds ratios (aORs) and 
95% confidence intervals (CIs) for the association between pre-existing 
conditions, categories of pre-existing conditions, and the development 
of PASC. For Model 1, the following pre-existing conditions were sta
tistically significantly associated with the development of PASC: asthma 
(OR = 1.54; 95% CI = 1.10–2.15); chronic constipation (OR = 4.29; 95% 
CI = 1.15–16.00); reflux (OR = 1.54; 95% CI = 1.01–2.34); rheumatoid 
arthritis (OR = 3.69; 95%CI = 1.15–11.82); seasonal allergies (OR =
1.56; 95% CI = 1.22–1.98); and depression/anxiety (OR = 1.72; 95% CI 
= 1.17–2.52). A point estimate could not be calculated for SLE, as all 5 
participants reporting this disease also experienced PASC. After 
grouping together conditions into disease categories, statistically sig
nificant associations with PASC were observed for respiratory (OR =

1.47; 95% CI = 1.06–2.14); gastrointestinal (OR = 1.62; 95% CI =
1.16–2.26), and autoimmune conditions (OR = 4.38; 95% CI =
1.59–12.06). In model 2 where disease severity was included, all results 
were attenuated, but seasonal allergies and depression/anxiety 
remained statistically significantly associated with PASC, as did the 
broad categories for gastrointestinal disease and autoimmune disease. 
Finally, when depression/anxiety was added to the model, only two 
comorbid conditions remained statistically significantly related to PASC; 
these were seasonal allergies (OR = 1.48; 95% CI = 1.15–1.91) and 
autoimmune disease (OR = 3.78; 95% CI = 1.31–10.91). 

Table 4 presents similar results to Table 3, but with common symp
toms of each pre-existing condition removed from the definition of 
PASC, to ascertain whether these usual symptoms were driving the 
classification of PASC. In these analyses, modest attenuation of the as
sociation was observed for asthma, rheumatoid arthritis, allergies, and 
depression/anxiety; however, all but rheumatoid arthritis remained 
statistically significant, as did the results for each disease group. These 
analyses also allowed for the calculation of a point estimate for SLE, 
because one participant was categorized as not having PASC once 
common SLE symptoms were removed from the classification. The re
sults for SLE were not statistically significant, likely due to the small 
sample size (n = 5). 

5. Discussion 

The results of this prospective study show that specific pre-existing 
conditions are associated with an increased risk of PASC following 
acute infection with SARS-CoV-2. Individuals reporting having asthma, 
chronic constipation, gastrointestinal reflux, rheumatoid arthritis sea
sonal allergies, or depression/anxiety were at significantly increased 

Table 1 
Characteristics of CoVHORT Participants who tested positive for SARS-CoV-2, 
by PASC Status.   

PASC Status  

PASC-(n = 706) PASC+ (n =
518) 

P- 
value 

Age (median, IQR) 47 (33–60) 49 (36–60) 0.147 
Gender n % n % 0.001 

Female 464 54.4 389 45.6  
Male 239 66.0 123 34.0  
Non-binary 1 25.0 3 75.0  

Race     0.056 
American Indian or Alaska 
Native 

10 66.7 5 33.3  

Asian 11 44.0 14 56.0  
Black or African American 9 60.0 6 40.0  
White 630 57.6 464 42.4  
Mixed Race 33 66.0 17 34.0  
Prefer not to answer 4 25.0 12 75.0  

Ethnicity     0.497 
Non-Hispanic 563 56.8 428 43.2  
Hispanic or Latino/a 123 60.3 81 39.7  
Prefer not to answer 5 71.4 2 28.6  

BMI (kg/m2), category     0.007 
18.5–24.9 116 67.8 55 32.2  
25.0–29.9 207 59.8 139 40.2  
30.0–34.9 152 55.9 129 44.1  
≥35.0 118 50.4 116 49.6  

Cigarette smoking      
Never 671 58.1 484 41.9 0.11 
Occasionally or Regularly 20 41.9 17 52.5  

At least one pre-existing condition 462 65.4 382 73.7 0.002 
Number of pre-existing conditions 

(median, IQR) 
1 (0–2) 2 (0–3) 0.000 

As shown in Table 2, the presence of several specific pre-existing conditions was 
associated with the development of PASC. Significantly increased proportions of 
PASC vs. no PASC were found for asthma, congestive heart failure, irritable 
bowel syndrome, chronic constipation, colitis, reflux, systemic lupus erythe
matosus (SLE), rheumatoid arthritis, seasonal allergies, thyroid disease, and 
depression/anxiety. To assess whether severity of acute disease was higher 
among those with these conditions, Supplemental Table 1 presents a comparison 
of the severity of acute infection by comorbidities. Using the CoVHORT study 
criteria for severity on a scale of 1–10, statistically significantly greater severity 
of acute illness was reported for the following conditions: asthma, bronchitis or 
emphysema, COPD, irritable bowel syndrome, colitis, reflux, diabetes, pre- 
diabetes, rheumatoid arthritis, seasonal allergies, and depression/anxiety. In 
addition, participants in the following disease groups also experienced higher 
self-reported severity: respiratory, gastrointestinal, diabetes, and autoimmune. 
Using the NIH severity criteria on a scale of 1–3, asthma, COPD, high blood 
pressure, irritable bowel syndrome, diabetes, chronic constipation, colitis, and 
rheumatoid arthritis, were associated with higher severity; while the categories 
for respiratory, gastrointestinal, diabetes, and autoimmune conditions were also 
associated. 

Table 2 
Pre-existing conditions by PASC Status.  

Pre-existing Condition PASC-(n = 706) PASC+ (n = 518) P-value 

n % n %  

Respiratory 
Asthma 83 11.8 90 17.4 0.005 
Bronchitis or Emphysema 2 0.3 3 0.6 0.42 
COPD 10 1.4 6 1.2 0.69 
Cardiovascular 

Myocardial Infarction 3 0.4 3 0.6 0.70 
Heart Disease such as Angina 7 1.0 6 1.2 0.78 
Congestive Heart Failure 0 0.0 3 0.6 0.04 
Stroke 5 0.7 4 0.8 0.90 
High Blood Pressure 119 16.9 101 19.5 0.23 
High Cholesterol 109 15.4 85 16.4 0.65 
Other cardiac/heart disease 22 3.1 18 3.5 0.73 

Gastrointestinal 
Liver Disease 3 0.4 5 1.0 0.25 
Ulcerative Colitis 2 0.3 3 0.6 0.42 
Irritable Bowel Syndrome 31 4.4 39 7.5 0.02 
Chronic Diarrhea 4 0.6 5 1.0 0.42 
Chronic Constipation 3 0.4 11 2.1 0.006 
Colitis 2 0.3 6 1.2 0.06 
Reflux 46 6.5 56 10.8 0.007 

Diabetes 
Diabetes 32 4.5 29 5.6 0.40 
Pre-Diabetes 32 4.5 35 6.8 0.09 
Gestational Diabetes 6 0.8 11 2.1 – 

Autoimmune 
Systemic lupus erythematosus 0 0.0 5 1.0 0.009 
Multiple Sclerosis 1 0.1 2 0.4 0.39 
Rheumatoid Arthritis 4 0.6 13 2.5 0.004 

Other Conditions 
Kidney Disease 6 0.8 4 0.8 0.88 
Seasonal Allergies 244 34.6 238 45.9 0.00 
Valley Fever 6 0.8 10 1.9 0.10 
Cancer 56 7.9 47 9.1 0.47 
Thyroid Disease 70 9.9 76 14.7 0.01 
Depression/Anxiety 56 7.9 71 13.7 0.001 
Other Arthritis 43 6.1 45 8.7 0.08  
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risk for the later development of PASC. While a point estimate could not 
be generated for SLE, 100% ofindividuals in our study who reported this 
condition and experienced a SARS-CoV-2 infection also reported having 
experienced PASC. Finally, when grouping conditions together, we 
observed that respiratory, gastrointestinal, and autoimmune conditions 
were all statistically significantly associated with PASC. When adding 
severity of acute SARS-CoV-2 infection and depression/anxiety to the 
model, only the presence of an autoimmune condition and seasonal al
lergies remained statistically significantly associated with PASC. 

Previous investigations have shown that the presence of comorbid 
conditions is related to a significantly increased risk for PASC develop
ment [7–11,18]; however, to date, there is a dearth of studies identifying 
the specific conditions that may have the strongest associations. Data are 
particularly sparse for understanding if autoimmune disease renders 
individuals more susceptible to PASC [22]. However, a recent review of 
evidence described various autoimmune disorders that SARS-CoV-2 
infection may initiate, including Guillain-Barre syndrome, SLE, neuro
myelitis optica, myasthenia gravis, and vasculitis [32]. Additionally, in a 
study conducted by Dreyer et al. [22], it was found that individuals who 
reported medication use for an autoimmune condition were significantly 
more likely to still be experiencing fatigue and shortness of breath 30 
days after their initial SARS-CoV-2 infection. Further, multiple sclerosis 
is known to be caused, at least in part, by infection with Epstein-Barr 
virus (EBV) [33], and SARS-CoV-2 has been shown to have the poten
tial to reactivate EBV [34]. A prospective study from the UK showed that 
57% of those with multiple sclerosis experienced an exacerbation of 
symptoms after COVID-19, including new or worsening symptoms [24]. 
This leads to the possibility that SARS-CoV-2 could interact with latent 
viruses to re-initiate inflammation and autoimmunity [35]. Given this 
information, it is possible that infection with SARS-CoV-2 may also 

Table 3 
Adjusted ORs (95% CIs) for the development of PASC by pre-existing condition.  

Pre-existing 
condition 

n 
PASC/ 
Total 

Adjusted ORa 

(95% CI) 
Adjusted ORb 

(95% CI) 
Adjusted ORc 

(95% CI) 

Respiratory  1.47 
(1.06–2.14) 

1.33 
(0.94–1.87) 

1.25 
(0.88–1.78) 

Asthma 90/173 1.54 
(1.10–2.15) 

1.40 
(0.98–1.99) 

1.33 
(0.93–1.90) 

Bronchitis or 
Emphysema 

3/5 2.72 
(0.44–16.90) 

1.66 
(0.26–10.44) 

1.33 
(0.21–8.29) 

COPD 6/10 0.67 
(0.24–1.91) 

0.42 
(0.14–1.26) 

0.43 
(0.14–1.26) 

Cardiovascular  0.99 
(0.75–1.32) 

0.94 
(0.70–1.27) 

0.89 
(0.66–1.21) 

Myocardial 
Infarction 

3/6 1.33 
(0.26–6.81) 

1.51 
(0.26–8.79) 

1.41 
(0.24–8.18) 

Heart Disease 
such as Angina 

6/13 1.31 
(0.41–4.14) 

1.22 
(0.36–2.08) 

1.03 
(0.30–3.49) 

Stroke 4/9 1.09 
(0.29–4.43) 

0.98 
(0.22–4.38) 

0.83 
(0.19–3.74) 

High Blood 
Pressure 

101/ 
220 

1.10 
(0.47–1.52) 

1.00 
(0.71–1.40) 

0.98 
(0.70–1.38) 

High 
Cholesterol 

85/194 0.95 
(0.68–1.33) 

0.93 
(0.66–1.32) 

0.86 
(0.60–1.22) 

Other cardiac/ 
heart disease 

18/40 1.10 
(0.56–2.18) 

0.91 
(0.45–1.87) 

0.87 
(0.42–1.80) 

Gastrointestinal  1.62 
(1.16–2.26) 

1.47 
(1.04–2.09) 

1.32 
(0.92–1.90) 

Liver Disease 5/8 2.44 
(0.56–10.67) 

2.38 
(0.53–10.77) 

2.31 
(0.52–10.25) 

Ulcerative 
Colitis 

3/5 2.31 
(0.38–14.20) 

2.29 
(0.33–16.12) 

1.97 
(0.29–13.25) 

Irritable Bowel 
Syndrome 

39/70 1.59 
(0.97–2.63) 

1.40 
(0.83–2.38) 

1.25 
(0.73–2.13) 

Chronic 
Diarrhea 

5/9 1.01 
(0.25–4.16) 

0.93 
(0.22–3.96) 

0.95 
(0.22–4.12) 

Chronic 
Constipation 

11/14 4.29 
(1.15–16.00) 

3.12 
(0.83–11.64) 

2.65 
(0.70–10.10) 

Colitis 6/8 3.20 
(0.63–16.1) 

1.74 
(0.34–9.00) 

1.61 
(0.31–8.23) 

Reflux 56/102 1.54 
(1.01–2.34) 

1.49 
(0.95–2.31) 

1.33 
(0.84–2.09) 

Diabetes  1.31 
(0.89–1.92) 

1.22 
(0.82–1.82) 

1.10 
(0.73–1.65) 

Diabetes 29/61 1.15 
(0.66–2.01) 

0.98 
(0.55–1.75) 

0.87 
(0.49–1.57) 

Pre-Diabetes 35/67 1.25 
(0.75–2.09) 

1.20 
(0.70–2.04) 

1.06 
(0.62–1.83) 

Gestational 
Diabetes 

11/17 2.14 
(0.78–5.91) 

2.31 
(0.83–6.37) 

2.23 
(0.80–6.20) 

Autoimmune  4.38 
(1.59–12.06) 

4.29 
(1.49–12.39) 

3.78 
(1.31–10.91) 

Systemic lupus 
erythematosus 

5/5 N/A N/A N/A 

Multiple 
Sclerosis 

2/3 2.23 
(0.20–24.48) 

1.42 
(0.12–16.77) 

1.29 
(0.10–16.10) 

Rheumatoid 
Arthritis 

13/17 3.69 
(1.15–11.82) 

3.20 
(0.96–10.74) 

2.97 
(0.88–10.00) 

Other Conditions     
Seasonal 
Allergies 

238/ 
482 

1.56 
(1.22–1.98) 

1.55 
(1.20–1.99) 

1.48 
(1.15–1.91) 

Valley Fever 10/16 2.33 
(0.83–6.56) 

2.20 
(0.75–6.47) 

2.14 
(0.72–6.40) 

Cancer 47/103 1.04 
(0.67–1.61) 

1.14 
(0.72–1.81) 

1.11 
(0.70–1.76) 

Kidney Disease 4/10 0.78 
(0.21–2.84) 

0.75 
(0.20–2.84) 

0.71 
(0.19–2.70) 

Thyroid 
Disease 

76/146 1.34 
(0.93–1.93) 

1.35 
(0.92–1.97) 

1.30 
(0.89–1.91) 

Depression/ 
Anxiety 

71/127 1.72 
(1.17–2.52) 

1.83 
(1.22–2.74) 

N/A  

a Model adjusted for age (continuous), BMI (categorical; 18.5–24.9; 
25.0–29.9; 30.0–39.9; ≥ 40.0); gender (ref: female; 1 = male; 2 = nonbinary); 
race (ref: 1 = white, 2 = Asian; 3 = AI/AN; 4 = AA; 5 = Mixed race; smoking (ref 
= never smoker; 1 = current smoker). 

b Model adjusted for age (continuous), BMI (categorical; 18.5–24.9; 
25.0–29.9; 30.0–39.9; ≥ 40.0); gender (ref: female; 1 = male; 2 = nonbinary); 
race (ref: 1 = white, 2 = Asian; 3 = AI/AN; 4 = AA; 5 = Mixed race; smoking (ref 
= never smoker; 1 = current smoker), and severity (NIH criteria). 

c Model adjusted for age (continuous), BMI (categorical; 18.5–24.9; 
25.0–29.9; 30.0–39.9; ≥ 40.0); gender (ref: female; 1 = male; 2 = nonbinary); 
race (ref: 1 = white, 2 = Asian; 3 = AI/AN; 4 = AA; 5 = Mixed race; smoking (ref 
= never smoker; 1 = current smoker), and severity (NIH criteria), and depres
sion/anxiety. 

Table 4 
Sensitivity analysis of statistically significant associations between pre-existing 
conditions and development of PASC, with common symptoms of pre-existing 
conditions removed.  

Pre-existing condition PASC/Total Adjusted OR [1] (95% CI) 

Respiratory 
Asthma 86/170 1.48 (1.06–2.08) 
Bronchitis or Emphysema 3/5 2.72 (0.44–16.90) 
COPD 6/10 0.67 (0.24–1.91) 

Total Disease Category  1.42 (1.02–1.98) 
Gastrointestinal 

Liver Disease 5/8 2.44 (0.56–10.67) 
Ulcerative Colitis 3/5 2.31 (0.38–14.20) 
Irritable Bowel Syndrome 39/70 1.59 (0.97–2.63) 
Chronic Diarrhea 5/9 1.01 (0.25–4.16) 
Chronic Constipation 11/14 4.60 (1.23–17.18) 
Colitis 1/1 3.20 (0.63–16.1) 
Reflux 5/8 1.54 (1.01–2.34) 

Total Disease Category  1.62 (1.16–2.26) 
Autoimmune 

Systemic lupus erythematosus 4/5 4.52 (0.50–41.1) 
Multiple Sclerosis 2/3 2.23 (0.20–24.48) 
Rheumatoid Arthritis 11/17 2.12 (0.75–6.04) 

Total Disease Category  3.42 (1.32–8.89) 
Other Conditions 

Seasonal Allergies 218/474 1.39 (1.09–1.78) 
Depression/Anxiety 61/125 1.53 (1.04–2.25)  

E.T. Jacobs et al.                                                                                                                                                                                                                                



Journal of Autoimmunity 135 (2023) 102991

5

aggravate symptoms among those who already have an autoimmune 
condition, particularly among those using immunosuppressive medica
tions to control their disease [22]. 

Next, results for the relationship between pre-existing allergies and 
risk for PASC have been equivocal. In a prior publication by our own 
research group, a significant association was observed between 127 
participants reporting seasonal allergies [36] and risk of PASC, consis
tent with the expanded findings herein among 482 participants with 
allergies. Even after adjustment for acute severity and depressio
n/anxiety, the results remained statistically significant. A prospective 
study conducted in Russia in a pediatric population also reported that 
allergic disease was significantly related to persistent symptoms 
following infection, possibly through the activation of mast cells [37]. 
However, due to the complexity of allergies, further work on specific 
allergic phenotypes is necessary. 

The results of the present study for asthma are consistent with two 
others [23,38], but differ from another [39]. In a study conducted 
among 4500 participants with asthma from the UK, it was reported that 
approximately 56% had PASC; these individuals indicated that their 
breathing was worse since their SARS-CoV-2 infection, that inhaler use 
increased, and that the overall management of their disease was worse 
than prior to having COVID-19 [38]. Another large, prospective cohort 
study including more than 4000 participants from the UK, US, and 
Sweden showed that of asthma, lung disease, diabetes, heart disease, 
and kidney disease, asthma was the only pre-existing condition that was 
associated with the presence of symptoms at 28 days or more following 
acute SARS-CoV-2 infection [23]. In contrast, a prospective US study of 
approximately 35 asthmatic patients and 76 non-asthmatic patients who 
had tested positive for SARS-CoV-2 reported similar rates of symptoms 
at 30-, 60-, and 90- days post-infection [39]. In addition, a prior publi
cation from our group using data from early in the pandemic showed 
that asthma was not significantly associated with the development of 
PASC [36]. At the time of publication, data from only 48 participants 
with asthma were available for the previous analysis, as compared to 
173 participants for the present work. These findings suggest that the 
impact of pre-existing asthma on PASC may require comparatively large 
study populations to detect. Nonetheless, given that an estimated 25 
million Americans are living with asthma [40], even modest effects 
could have a large impact on overall public health. While there have 
been equivocal findings regarding the relationship between different 
types of asthma and COVID-19 severity, heterogenous cytokine path
ways may explain some of the variation in results [41]. Further, when 
severity of acute disease was added to the model, the results were no 
longer statistically significant, indicating that any relationship between 
pre-existing asthma and risk for PASC is related to the severity of the 
initial infection. As such, this is an area that requires further research 
with special attention to asthma phenotypes. 

Prior work from our group within this population has shown that 
individuals who experienced gastrointestinal (GI) symptoms during 
acute infection were more likely than those who did not to report having 
persistent GI symptoms ≥45 days, with irritable bowel syndrome having 
been diagnosed in 3.0% of those with GI-related PASC [16]. However, 
work regarding the relationship between pre-existing GI conditions and 
PASC is sparse. We found that chronic constipation and reflux were both 
associated with an increased risk for PASC. There is increasing under
standing of the role of the gut microbiota in immunity and response to 
infection by pathogens in general [42]. Because SARS-CoV-2 binds to 
angiotensin-converting enzyme-2 (ACE2) and transmembrane protease 
serine-2 (TMPRSS2), and both are expressed in the GI tract, there is a 
potential pathway for pathological disruption [43]. Recent work has 
shown that the gut microbiome is altered during SARS-CoV-2 infection, 
with some commensal bacteria known to have a role in immune pro
tection being observed in lower proportions among those infected [44]; 
differences in the distribution of these commensals was also found to be 
related to disease severity. Hence, dysregulation within the GI tract prior 
to infection may lead to long-term effects arising from SARS-CoV-2 

itself. 
Depression/anxiety was the final pre-existing condition which we 

found to be associated with the development of PASC, and its inclusion 
in the final models for each pre-existing condition attenuated all point 
estimates toward the null with the exception of seasonal allergies and 
autoimmune conditions. Prior work has indicated that pre-existing 
anxiety and depression are associated with an increased risk of experi
encing post-acute symptoms [25]. It is possible that anxiety and 
depression may render an individual more likely to be attuned to 
changes in physical health and hence more likely to report symptoms of 
PASC. In a study by Noviello et al. [31], it was found that both gastro
intestinal symptoms and somatoform conditions were observed among 
patients who had been infected with SARS-CoV-2. While we were unable 
to directly assess somatoform disorders within this study, it is possible 
that extant depression or anxiety are so intertwined with the comor
bidities under study that their impact cannot be separated with a 
comparatively small number of cases. Thus, adjusting for depressio
n/anxiety may potentially be overfitting the models and as such may 
falsely attenuate the point estimates. In addition, there are also potential 
biological mechanisms that may also explain the observed relationship. 
While the role of psychological stress in immune system function is 
complex [45], prior work has demonstrated that depression and anxiety 
are intricately interwoven with inflammatory pathways that themselves 
are related to immune response [46]. Further, psychological in
terventions, particularly cognitive-behavioral therapy, significantly 
improve several physiological parameters related to immune function 
[47]. These findings indicate that developing therapies specifically for 
those who suffer from PASC would have beneficial effects on overall 
health and is an urgent area of attention. 

Increasing severity of acute SARS-CoV-2 infection has been shown to 
be associated with a greater risk for developing PASC, though less severe 
initial infections have also been linked to a lesser extent [48]. In the 
present study, several comorbid conditions were associated with 
severity of acute infection, but not with PASC, including COPD and high 
blood pressure. These findings provide further evidence that while 
severity is a major contributor to risk for PASC, it does not appear to 
contribute in a homogeneous manner. Instead, it exhibits heterogeneity 
of effect based on the type of comorbidity and the presence of other 
factors, such as autoimmune disease. Further research into the biological 
mechanisms through which severity of acute disease contributes to 
PASC development are urgently needed. 

Several strengths of this paper are noteworthy. The Arizona CoV
HORT is a prospective study of more than 8500 participants, with well- 
characterized data regarding demographics, pre-existing conditions, 
and infection with SARS-CoV-2 with extensive data available regarding 
post-acute effects of COVID-19. However, limitations of the work must 
be addressed. First, while we queried participants specifically about 
whether symptoms arose following COVID-19 infection, it is possible 
that some data may capture usual symptoms related to pre-existing 
disease processes. To further examine this possibility, we conducted 
analyses whereby commonly-reported symptoms for each type of illness 
were removed, and saw similar results. Next, we largely relied on self- 
reports of COVID-19, though many participants were recruited via 
case investigations conducted by our research team, and we specifically 
ask for self-reported laboratory confirmed diagnoses of SARS-CoV-2. 
Although participants can self-report a COVID-19-like illness, these do 
not reflect most Arizona CoVHORT participants, and none of those 
participants are included in the present analysis. Next, an ideal study 
would include a broader, more diverse study. It has been demonstrated 
repeatedly that the pandemic has been experienced differently by in
dividuals from different racial and ethnic groups, and further work must 
address whether risk factors for PASC differ by these characteristics. 

In conclusion, this work identified numerous pre-existing conditions 
that may be related to increased risk for PASC. These findings will 
facilitate the development of public health efforts targeting high risk 
groups to prevent infection via vaccinations and boosters, masking, 
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ventilation and air filtration, and workplace accommodations. 
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